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We analyze the anomalous magnetic moment of the muon a M in supersymmetric 
• scenarios. First we concentrate on scenarios with universal soft terms. We find that 

a moderate increase of a M can be obtained by lowering the unification scale Mqut 

' 

to intermediate values 10 10-12 GeV. However, large values of tan (3 are still favored. 
Then we study the case of non-universal soft terms. For the usual value Mqut ~ 10 16 
GeV, we obtain a M in the favored experimental range even for moderate tan /3 regions 
(tan/? > 5). Finally, we give an explicit example of these scenarios. In particular, 
we show that in a D-brane model, where the string scale is naturally of order 10 10 ~ 12 
GeV and the soft terms are non universal, a M is enhanced with low tan j3. 
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1 Introduction 



Recently, an intense theoretical activity about new physics contributions to the anoma- 
lous magnetic moment of the muon (a M ) has appeared in the literature 0-0. This has 
been motivated by the new measurement in the E821 experiment at the Brookhaven 
National Laboratory (BNL) ||, where a 2.6 a deviation from the standard model (SM) 
predictions [[l], was reported 

a M (E821) - a M (SM) = (43 ± 16) x 1(T 10 . (1) 

There are also criticisms about the SM prediction quoted by this experiment HQ It 
is not impossible that this deviation is due to the hadronic contribution to the vacuum 
polarization ||, which is the largest source of error reflecting the large experimental 
uncertainty of the data. However, the possibility that new physics effects are at the 
origin of the BNL deviation is very exciting. First of all, the new physics scale should 
be pretty close to the electroweak threshold, since its contributions to a M are of the 
same order or even larger than the corresponding electroweak corrections Besides, 
it has to pass all the electroweak precision tests of the SM and must be in agreement 
with all the known results from accelerators experiments. 

The minimal supersymmetric standard model (MSSM) is a well established can- 
didate for such a theory[|. On a general ground, if the MSSM is responsible of the 
BNL deviation, then the supersymmetric (SUSY) particle spectrum should be in the 
expected discovery range of Fermilab 2 TeV pp collider and certainly of the Large 
Hadronic pp Collider (LHC) at CERN. 

The most popular SUSY-breaking scenarios in the MSSM have been recently re- 
analyzed in the light of the new BNL results M. In particular, in the supergravity 
scenario the main conclusions can be summarized as follows. The requirement that 
the SUSY contribution to a M is within the 2 a level in eq.(H), leads to the following 
upper limits on the lightest chargino and neutralino mass, respectively m x ± < 600 GeV 
and m x o < 300 GeV for tan /3 < 30. The corresponding upper bound on the sneutrino 
masses is weaker and of the order of 1 TeV @. 

The above analysis was performed assuming universality of the soft-breaking terms 
at the unification scale, M GUT « 10 16 GeV, as is usually done in the MSSM literature. 
As known, such a scale can be obtained in the superstring framework, in particular this 



is the case of weakly coupled heterotic string M, type I string JTO, O and heterotic M- 



theory (TJj. However, recently, it was realized that the string scale may be anywhere 
*It is worth noticing that a recent paper j(| refutes these arguments. 

^see ref. for alternative possibilities which might explain this deviation, such as leptoquarks, 
compositness, large extra dimensions models, etc. 



between the weak and the Plank scale. For instance, D-brane configurations where the 
SM lives, allow these possibilities in type I strings Hl3|-Ul7|, and similar results can also 
be obtained in type II strings |T3 as well as in strongly and weakly coupled heterotic 
strings ^ . 



To use the value of the initial scale, say Mj, as a free parameter for the running 
of the soft terms is particularly interesting since there are several arguments in favor 
of SUSY scenarios with scales Mj « io 10-14 GeV. First, these scales were suggested 
in [19] to explain many experimental observations as neutrino masses or the scale 
for axion physics. Second, with the string scale of order 10 10-12 GeV one is able to 
attack the hierarchy problem of unified theories without invoking any hierarchically 
suppressed non-perturbative effect |lq| . Third, for intermediate scale scenarios, charge 
and color breaking constraints become less important JJTJ. Let us recall that, due 
to these constraints, when working with the usual unification scale, Mqut ~ 10 16 
GeV, there are extensive regions in the parameter space of soft SUSY-breaking terms 
that become forbidden [2^]. There are other arguments in favor of scenarios with 
initial scales Mj smaller than Mqvt- For example these scales might also explain the 
observed ultra-high energy (« 10 20 eV) cosmic rays as products of long-lived massive 
string mode decays. Besides, several models of chaotic inflation favor also these scales 
23| . Finally, D-brane models lead naturally to intermediate values for the string scale, 



in order to reproduce low-energy data |~7| . 

Inspired by these scenarios, it was recently pointed out that the neutralino-nucleon 
cross sections, which are relevant for dark matter experiments, are very sensitive to 
the variation of the initial scales for the running of the soft SUSY-breaking terms 



24], |25], |17]]. In particular, it was found that the smaller the scale is the larger the cross 
sections become. For instance, by taking 10 10-12 GeV rather than Mqut, extensive 



regions in the parameter space of the MSSM have been found |24| where the neutralino- 
nucleon cross sections are in the expected range of sensitivity of DAMA and CDMS 
f27f detectors, and this even for moderate tan/3 regions (tan/3 > 3). This analysis was 



performed in the universal scenario for the soft terms. In contrast, in the usual case 
with initial scale at Mqut, these large cross sections are achieved only for tan /? > 20 



28, 29 



The fact that smaller initial scales imply larger neutralino-nucleon cross sections 
can be basically understood as follows. These cross sections are very sensitive to the 
H parameter, which is the standard coupling in the superpotential between the two 
Higgs doublets, since they increase when \i decreases. Furthermore, the value of fi is 
also very sensitive to the initial scale Mj and it decreases when Mj decreases. As a 



consequence, decreasing Mi one obtains larger cross sections |24 
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One of the purposes of the present paper is to analyze, in the light of the new BNL 
results and in connection to the work of ref.|24]], the variations of function 
of the initial scale Mj. The main reason is that in the MSSM a M is expected to be 
particularly sensitive to the fi parameter and therefore to the initial scale. 

On the other hand, the soft SUSY-breaking terms can have in general a non- 
universal structure in the MSSM. Such non-universality can be derived from super- 



gravity and superstring models [31]. In fact, it was shown in ref.[[2£| that non- universal 
scenarios allow for a remarkable enhancement of the neutralino-nucleon cross section 
to be in the current experimental regions, and this even for tan (3 > 4. Here and along 
this line, we will analyze the effect induced on a^ USY by the non-universality of the 
soft terms. 

Finally, we give an explicit example where both situations, non-universal soft terms 
and an intermediate scale, are realized. This is the case of a D-brane model. 

The paper is organized as follows. In section 2 we review general formulae for the 
SUSY contributions to a M . In section 3 we study the prediction for a^ USY in SUSY 
scenarios with universal soft terms, when intermediate scales are allowed. Section 4 is 
devoted to the study of the effect of the non-universality of the soft terms on a^ USY . 
This is carried out first in the context of the MSSM with the usual scale Mqut ~ 10 16 
GeV, and second in the framework of D-brane constructions. The conclusions are given 
in section 5. 



2 SUSY contributions to the muon anomalous mag- 
netic moment 

The supersymmetric contributions to a M are mainly via magnetic-dipole penguin dia- 
grams with an exchange of sneutrino-chargino or smuon-neutralino in the loop. These 
contributions can be found in the literature [Q-[[3^], and they are given by: 



x o _ ^ | /// 
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(l + 1.5xk + 0.5x1 ~ 3x1 + 3x k In %k 

Ix 
~3 




(3) 



where x mi = m\jm\ x k = m\/m% , 

C% = -g 2 V kl . (4) 

Here (t^o)^- with i,j = 1,4, (f/ A ) (jRiL ) m with m = 1,2, and U kh V kl with = 1,2 

are the neutralino, smuon and chargino mixing matrices respectively, m x o, m^ m , mc 

and m + are the neutralino, smuon, sneutrino and chargino mass eigenstates respec- 
ts: 

tively, m M is the muon mass, is the Yukawa coupling of the muon and g\ are the 
electroweak gauge couplings. Let us remark that we are using the following sign con- 
ventions for Yukawa couplings, and gaugino and Higgsino masses in the Lagrangian: 
C = ~h u H a u u L u R - h d H° d d L d R - h e H*e L e R + \ £ a M a X a X a + fiH° u H° d + h.c, with the 
neutralino basis given by (B° = W® = —i\ 3 , H®, H d ). 

Eqs.(§-|4]) show that the dominant contributions to a* and a*° correspond to the 



terms with C L C R and N L N R [3~3|, since they are proportional to the chargino and neu- 
tralino masses respectively. Furthermore, it was found that the chargino contribution 
dominates the neutralino contribution f33f . Note e.g. that the lightest neutralino Xi is 
often bino-like, i.e. (U x o)u ~ 1 and (U x o)n << 1 for i = 2,3,4. Therefore the terms 
proportional to g\ are expected to give the dominant contribution to a* . However, 
these terms are always suppressed by the matrix entries (Up) l 2 or (Up) ri which are of 
order m^/msusY- On the contrary, the chargino contribution C L C R do not have such 
a suppression in the chargino mixing. 

Eqs.(@-[|) also show that a^ USY becomes larger as tan/3, the ratio of Higgs vacuum 
expectation values (H 2 ) / (H 2 ), increases [521. Recall in this sense that for tan/? not 



too small the dominant chargino contribution can be approximated as f55| 



a f ~ ^ tan ^ m 2^2^ 2 2) if( X Mi) ~ f{Xp)] , (5) 

where xm 2 — M 2 /rrip > x m = / i2 / m l > ^2 is the weak gaugino mass and / is a loop 
function defined as 

3-4x + :r 2 + 21og(x) 

f{x) = 3(1^ • (6) 
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This approximate formula helps also to draw some important conclusions on the 
SUSY contributions to a M , which we have checked that are still valid for low tan/3 as 
well. 

First, decreasing the values of M 2 , fi and m? leads to increase a^ USY . Indeed, 
different scenarios that enhance a^ USY (as we will show in next sections) are based on 
the decrease of these quantities. 

Second, The sign of a^ USY is given by the sign of the product fiM 2 since the factor 
(f( x M 2 ) — f( x fi))/(M$ — /i 2 ) is positive in general. Assuming M 2 is real and positive 
(after performing U(1)r rotation), the positiveness of a^ USY implies that fi should be 
positive. This has interesting consequences for the b — > s'j constraints (at large tan/3) 
and also for the dark matter detection rate. It is known that for [i < the neutralino- 
nucleon cross section is reduced a lot due to accidental cancellations between different 
contributions. Also experimental constraints coming from the b — > 57 process highly 
reduce the \i < parameter space. 

Third, as it is known, in order to satisfy the Higgs mass bound (m# > 114 GeV) 
large stop masses are required to increase the radiative corrections to the Higgs mass. 
However, as mentioned above, large values of a^ USY require light sneutrino and smuon. 
Thus a non-universal pattern of the soft SUSY-breaking terms would be preferred to 
fulfil both conditions. In particular, a pattern with light sleptons and heavy squarks. 

Fourth, the trilinear coupling A appears in left-right smuon mixing, following our 
sign conventions discussed below eq.(|), as m^A—fi tan /3) and stop mixing as m top (A— 
/icot (3). It has a significant effect on the stop mass and large values of \A\ are favored. 
On the contrary, the smuon mixing is dominated by the /1 term (specially in the large 
tan/? region). However, for low tan/3 (and also low fx) A-terms could have important 
effects if A~ C(-3m). 



3 in SUSY models with intermediate scale 

In this section we consider the predictions for in the MSSM as a function of the 
initial scale Mj for the soft SUSY-breaking terms. As discussed in the Introduction, 
there are very interesting arguments in favour of scenarios with scales Mj smaller than 
Mgut- Following the analysis of ref.[24| we will consider two possible scenarios with 



"intermediate" initial scales, concerning the unification of the gauge couplings. 

First, we will assume that these are non universal and their values will depend on 
the initial scale Mj chosen. For instance, for the scale Mj = 10 11 GeV, one obtains 
#3 ~ 0.8, #2 ~ 0.6 and g\ ~ 0.5. This scenario might be inspired for example by D- 
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brane configurations where the SM lives. If the SM comes from the same collection of 
D-branes, stringy corrections might change the boundary conditions at the string scale 



Mi in order to mimic the effect of field theoretical logarithmic running [IT, [30] . Another 
possibility giving rise to a similar result might arise when the gauge groups came from 
different types of D-branes. Since different D-branes have associated different couplings, 



this would imply the non universality of the gauge couplings (see ref . jTTJ and references 
therein) . 

On the other hand, to obtain gauge coupling unification at Mj, a.i = a, is pos- 



sible with the addition of extra fields in the massless spectrum \W\. An example of 
additional particles which can produce the beta functions, 63 = —3, b 2 = 3, b\ = 19, 
yielding unification at around Mi = 10 11 GeV was given in ref.^TJ, 2 x [(1,2, 1/2) + 
(1, 2, — 1/2)] + 3 x [(1, 1, 1) + (1,1, — 1)], where the fields transform under the SM gauge 
group. In this example one has g(Mj) m 0.8. 

It was obtained in ref. [0] that, due to the different values of the gauge couplings at 
Mi, the above scenarios give rise to qualitatively different results for neutralino-nucleon 
cross sections. In this section we will also analyze this issue for a M . 

Let us concentrate first on the scenario with non- universal gauge couplings at Mj. 
We assume, as in the minimal supergravity scenario, universality in the soft-breaking 
sector. As usual, we eliminate the free parameter /1 which appears in the superpoten- 
tial W = —fiHiH®, by requiring the correct electroweak breaking at the Mz scale. 
These requirements leave us with the following independent parameters at the initial 
scale Mf. m, Mx/%, A, tan/3, and the sign (//), respectively the common scalar mass, 
gaugino mass, the coefficient of trilinear terms, and the ratio of Higgs vacuum expec- 
tation values. Let us finally remark that we are assuming gaugino mass universality 
at the high energy scale, although in this scenario gauge couplings do not unify. This 
situation is in principle possible in generic supersymmetric models, however it is not so 
natural in supersymmetric models from supergravity where gaugino masses and gauge 
couplings are related through the gauge kinetic function. Since an explicit string con- 
struction with nonuniversal gauge couplings and gaugino masses will be analyzed in 
detail in Subsection 4.2, we choose to simplify the discussion here assuming gaugino 
mass universality. 



As emphasized in ref. [f24|] , lowering the unification scale decreases the value of /i. 
Thus we will analyze here what is the influence of this decrease on a^ USY . Let us write 
eq.(U) as 

7 x± ~ 3c * 2 a ™2 „l/2 „l/2 



^ An 



tan/5 ml x^ 2 xl h F(x M2 ,a^) , (7) 



where F{xm 2 i x \j) — (fi x M 2 ) — f ( x v)) / — n 2 ) is a function which depends on //, M 2 
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Figure 1: <^ as a function of the common gaugino mass My 2- The four curves 
inside each set associated to a particular value of tan (3 correspond, from bottom to top, 
to Mi = 10 16 ' 14 ' 12 ' 10 GeV respectively. Continuous lines correspond to regions where 
the neutralino is the LSP. 

and mp. It turns out that when we lower the scale, the variation of /i is much more 
important than the variation of M 2 and m v . Although this produces an important de- 
crease in (while the increase in xm 2 is moderate), the big increase in F compensates 
it. In this way, higher values of a^ USY can be obtained. 

We recall that low initial scales play a crucial role in increasing the spin-independent 
part of the neutralino-nucleon cross sections, mainly due to the decrease of the \i 
parameter p4j. In the MSSM with universal scenario at Mqut these cross sections 
are strongly suppressed due to the fact that the lightest neutralino is mainly Bino. 
By decreasing the value of the /x parameter, the Higgsino components of the lightest 
neutralino increase and therefore also the spin-independent part of the cross sections 
increases. On the contrary, the sensitivity of a^ USY versus the initial scale is quite 
moderate. 

We show the results of our analysis in Figs, [l] and [| They have been obtained 
using the general formulae discussed in Section 2. These figures correspond to 

the \i > case. We have not included the scenarios with opposite values of \i since 
they imply negative values for a^ USY and therefore are ruled out by the BNL results. 

In Fig. [1| we plot a^ USY versus the common gaugino mass at the initial scale, M1/2, 
for a fixed value of m = 150, 250 GeV, and A = 0. Inside each plot there are three 
sets of four curves which correspond to tan/5 = 5,10,30. The four curves inside 
each set correspond to Mi = 10 16 ' 14 ' 12 ' 10 GeV, from bottom to top respectively, and 
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Figure 2: a^ USY as a function of the lightest neutralino mass m x o . The four curves 
correspond, from bottom to top, to Mj = 10 16 ' 14 ' 12 ' 10 GeV respectively. 

the continuous lines correspond to regions where the neutralino is the lightest SUSY 
particle (LSP). Finally, the large grey area stands for the BNL deviation at 2a level. 
We have checked that our results are consistent with present bounds coming from 
accelerators. These are LEP and Tevatron bounds on supersymmetric masses and 
CLEO b — > S7 branching ratio measurements. The former are the reason why regions 
with Mi/2 200 GeV are not allowed. In particular, the Higgs mass bound (m# > 114 
GeV) is not fulfilled. Although not shown in the figure, b — > 37 results constrain 
the value of 10 10 to be smaller than about 60(45) for tan/5 = 30 in the case 

m = 150(250) GeV. 

As shown in Fig. [I], for a given tan/3 the smaller the scale is, the larger a^ USY 
becomes. We have checked that the dominant contribution is due to the chargino, 
as discussed in the previous section. For example, for tan/3 = 30, the neutralino 
contribution is not only small but also decreases going from Mqut to 10 10 GeV and 
becomes negative. In any case, as mentioned above, the sensitivity of a^ USY to the 
scale is quite moderate. 

On the other hand, as discussed in the previous section, we obtain that a^ USY 
increases with tan /3. Besides, also the deviation with the scale in a^ USY increases with 
tan p. By comparing the plots with m = 150 GeV and m = 250 GeV we see that a^ USY 
decreases when m increases, due to the fact that the smuon and sneutrino become 
heavier, but for fixed tan /3 the scale dependence in a^ USY remains essentially the same. 

Thus the main conclusion drawn from the results in Fig. [I] is that, within the 2a 




Figure 3: as a function of the common gaugino mass M±/ 2 for Mj = 3 x 10 GeV. 

The two curves inside each set associated to a particular value of tan j3 correspond, from 
bottom to top, to the cases without and with gauge couplings unification, respectively. 
Continuous lines correspond to regions where the neutralino is the LSP. 

level of the BNL deviation, the low tan {3 regions (namely tan (3 < 5) are excluded for 
any scale in the range Mi = 10 10 ~ 16 GeV. Besides, the sensitivity to the scale is quite 
moderate even for large tan/3. Note however that for Mi/ 2 between 350 and 450 GeV 
and tan f3 = 10 whereas the value of a M is in the forbidden region for Mqut, it is in the 
allowed region for intermediate scales. 

The plots in Fig. H have been obtained for A = 0. However, we have checked 
that af SY is quite insensitive to this choice, in particular, taking A = ±Mu2 the 
corresponding results are slightly modified. 

In Fig. ^| we show the dependence of a^ USY versus the lightest neutralino mass 
varying the scale in the same range of Fig. [I], for the representative case of tan f3 = 30 
and m = 150 GeV. By requiring that af 3 SY is within the lower bound of the 2a BNL 
region in Fig. |2|, the following upper bounds for the SUSY mass can be obtained: 
m x o < 340(540) GeV with Mj = 10 16 (10 10 ) GeV. 

The same analysis can be carried out for the lightest chargino, smuon and sneutrino 
with the result m x ± < 640(560) GeV, m A < 330(300) GeV, and < 560(460) GeV. 
Smaller (and therefore less conservative) upper bounds can be obtained by taking 
smaller values of tan/3 and/or larger values of the common scalar mass m. 

Let us consider now the case with gauge coupling unification at Mi mentioned 
above. This scenario is analyzed in Fig. where aJ USY is plotted versus M 1 / 2 for 
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tan p — 5, 10, 30, and m = 150, 250 GeV. Each set of curves show also the case without 
gauge unification (lower one) studied above for comparison with the case with gauge 
unification (upper one), both for Mj = 3 x 10 11 GeV. 

From the plots in Fig. |3| one can learn that in the case with unification the contri- 
bution to aJ USY is increased with respect to the case without unification. The reason 
being that now a.i (Mj) is bigger and therefore the weak gaugino mass M 2 is smaller at 
low energy. This is the opposite to what happens in the case of dark matter analyses. 
There, in the case with gauge unification the neutralino-nucleon cross sections are de- 
creased. It is worth remarking that in Fig. |3] it is the lower bound on the Higgs mass, 
that we set to be uih > 114 GeV, which prevents the common gaugino mass Mi 1% from 
taking lower values than about 300 GeV. 



4 in SUSY models with non— universal soft terms 
4.1 MSSM with non- universality 

As mentioned in the Introduction, the soft SUSY-breaking terms can have in general 
a non-universal structure in the MSSM. Here we will analyze the effect induced by 
this non-universality on a^ USY . In particular we will see that parameterizations of 
the soft terms producing an enhancement of a^ USY are possible, making it within the 
experimental limit even with low tan /3, unlike the universal cases. 

The SUSY contributions to a^ USY depend essentially on the gaugino masses Mj, the 
slepton masses mf L , mt R , and the values of /x, and tan/3. As we discussed above, 
small fi, m$, M 2 are favored to enhance a^ USY . Therefore, here, we consider an scenario 
with non-universal soft breaking terms at Mqut where the sleptons and Higgs masses 
are parameterized by 

m iV 2 = a 17,2 > a > 1 , 

m 2 Hi = mf L = m 2 eR = b m 2 , < b < 1 . (8) 

The squark masses, which are irrelevant for this analysis, are assumed to be universal 
and equal to m. Since the smaller (bigger) rn/jj (rn/jj ) at Mqut is, the less important 
the positive (negative) contribution to fi at the electroweak scale becomes, the above 
non-universality for Higgs masses will decrease the value of \i. Reducing the soft slepton 
masses we also reduce the sneutrino and smuon masses. The gaugino masses are also 
assumed to be non-universal, as we will discuss below, and we have fixed M 2 such that 
the lightest chargino mass at the weak scale is of the order of the current experimental 
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Figure 4: a^ USY as a function of the sneutrino mass mo in the MSSM with the non- 
universal soft terms discussed in the text. The three curves inside each set associated 
to a particular value of tan/3 correspond, from top to bottom, to A = —3m, 0,3m 
respectively . 

limit, i.e. (9(100) GeV. Finally we assume that the A-terms are vanishing except for 
A,. 

We find that in this class of models, it is possible to obtain a^ u within the E821 
lcr bounds with low tan/3. In Fig. |] we present the results for function of 

the sneutrino mass for tan/? = 5 and 10. We have assumed that a = 2, b = 0.5 and m 
varies from 150 to 600 GeV. We also fix Mi = M 2 = 140 GeV which leads to a lightest 
chargino mass of order 120 GeV and a lightest neutralino mass of order 60 GeV. Also 
we need to take large values for M 3 of order m. In this particular example we use 
M 3 = \/3m. Three values for A^ have been examined, namely A^ = —3m, 0, 3m. As 
we can see from Fig. [| large and negative values of A^ allow larger values of a^ USY . 

It is worth noticing here that unlike the case with intermediate scales, now the 
neutralino contribution is positive, helping in increasing the value of a^ USY . In any 
case, still the dominant contribution is due to the chargino. 

It is remarkable that the non-universality of the soft SUSY-breaking terms has 
a very important role in enhancing the values of a^ u and making it within the 
experimental limit even with low tan/3. In fact, the non-universality of the gaugino 
masses is crucial for such a enhancing. In the case of universal gaugino masses Mi = 
M 2 = M 3 = M1/2, the lower bound of the Higgs mass (m# > 114 GeV) requires large 
values of Mi/ 2 - Recall that the Higgs mass gets a large contribution from the loop 
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correction which is proportional to the stop mass. Since we want to have the lightest 
neutralino as the LSP we then need to push m to higher values in order to avoid some 
slepton as the LSP. This, of course, leads to a heavy spectrum and hence a^ USY is 
supressed. Relaxing this assumption, we can have M 3 large in order to fulfil the Higgs 
bound, we can keep Mi light to assure that the LSP is always the lightest neutralino, 
and we can have m not very heavy. Furthermore, we found that if one assumes non- 
universality only in the gaugino sector, the enhancement of aJ USY is not enough to be 
in the E821 regions. One still needs to assume that the slepton and Higgs masses are 
non- universal as discussed below eq.(|8|). 



4.2 D— brane models 

Recent studies of type I strings have shown that it is possible to construct a number 
of models with interesting phenomenological properties |37, [14|, ^] . It was also shown 



that models with the gauge group and particle content of the supersymmetric standard 
model lead naturally to intermediate values for the string scale, in order to reproduce 



the value of gauge couplings deduced from experiments [|17]]. In addition, non-universal 
soft SUSY-breaking terms appear generically. 

Type I models contain D-branes and the gauge groups of the SM may come from 
different types of D-branes or from the same type of D-branes. Although, as mentioned 
above, intermediate values for the string scale (Mj = 10 10-12 GeV) are naturally ob- 
tained we will consider here a model where also higher values are allowed. This will 
allow us to study the variations of function of the initial scale Mj, following 

the lines of Section 3. 

In particular, in this model the gauge group Z7 (3) x U(2) x £7(1), giving rise to 
SU (3) x SU (2) x U (l) 3 , arises from three different types of D-branes, and therefore the 
gauge couplings will be non-universal. Interesting phenomenological properties of this 
model can be found in refs. |T7 , 40 1 . The analysis of the soft terms has been done under 



the assumption that only the dilaton (S) and moduli (Tj) fields contribute to SUSY 
breaking and it has been found that these soft terms are generically non-universal. 



Using the standard parameterization [39| 



F s = V3(S + S*)m 3/2 sin9 , 

F l = V3(Ti + T*)m 3/2 cos 9 6, , (9) 

where i = 1,2,3 labels the three complex compact dimensions, and the angle 9 and 
the 0j with J2i |©j| 2 = 1> J us t parametrize the direction of the goldstino in the S, Ti 



field space, one is able to obtain the following soft terms |T7| . The gaugino masses are 

12 



given by 



M 3 = V3m 3 / 2 sin 9 , 

M 2 = v3m 3 / 2 @i cos6 , 

i— / _ N /2e 3 cos0 lC os# 2sin# 
M Y = V3m 3/2 a Y {Mj) [ £ TVV - + x + 



where 



«i(M 7 ) 

2 1 

+ 



a 2 (Mj) 3a 3 (Afj) 
2 

+ 



(10) 



ay(Mj) ai(Mj) a 2 (M I ) 3a 3 (M 7 ) ' 
Here, relation (|TTD is due to the D-brane origin of the U(l) gauge groups. In particular 
U(l)y is a linear combination of the three U(l) gauge groups arising from U(3), U(2) 
and U(l) within three different D-branes. correspond to the gauge couplings of 



the U(k) branes. As shown in Ref.||17||, a\(Mj) = 0.1(1) leads to the string scale 
M 7 = 10 12 (5 x 10 15 ) GeV. 

The soft scalar masses are given by 



m, 



rn 



m 



H 2 



m 



Hi 



rn 



rn 



rn 



rn 



in 



rn 



3/2 
2 

3/2 
2 

3/2 
2 

3/2 
2 

3/2 
2 

3/2 
2 

I ) 



1 - - (1 - ejj cos' 9 
l- 3 -(l-Ql) cos 2 9 

i_!(i_e|) cos 2 e 

1 - - (sin 2 9 + Of cos 2 
l-^(sin 2 # + e 2 cos 2 # 



sin 2 + e 2 , cos 2 



(12) 



and finally the trilinear parameters are 



A, 



2 



w 3 / 2 [(©2 - ©i - ©3) cos 9 - sin9 



A d = —m 3 / 2 [(©3 - ©i - ©2) cos 9 - sin 9 
A P . = 0. 



(13) 



We observe that the angle 9 and the Bj are quite constrained in order to avoid 
negative mass-squared for squarks and sleptons. This constraint allows a small region 
for the angle 9, namely < 9 < 71/6. From eq. (|IO| ), one notes that in this allowed 
region of 9 we have at the string scale M 3 < M 2 < M\. However, at the electroweak 
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Figure 5: as a function of the gravitino mass m 3 / 2 in the D-brane model, for two 

values of the string scale Mi = 10 12 and 5 x 10 15 GeV, and for tan/5 = 5, 10. 

scale and due to the different running we find that M 2 is the lightest gaugino mass, 
namely M 2 < Mi < M3. This is an interesting example for having the lightest chargino 
mass not very heavy and hence a^ u could be enhanced as discussed in Section 2. 

In Fig. H we show a scatter plot of function of the gravitino mass 

m 3 / 2 for a scanning of the parameter space discussed above. Two different values of 
tan/?, 5 and 10, are shown. Likewise, we consider the two values of the string scale 
discussed previously, Mj = 10 12 and 5 x 10 15 GeV. Clearly, these models are much 
more constrained than the generic MSSM with non-universal soft terms. However, we 
can see that for a string scale of order 10 12 GeV the values of a^ u are within the E821 
la for tan/3 > 5. As expected from the discussion in Section 3, smaller values of a^ USY 
are obtained for the scale 5 x 10 15 GeV. 



5 Conclusions 

In the light of the new BNL results on muon g-2, we have analyzed a^ USY in SUSY 
scenarios. First we have concentrated on scenarios with universal soft terms. In par- 
ticular, we have analyzed the sensitivity of a^ USY with respect to the initial scales Mi, 
smaller than Mqut, where soft SUSY-breaking terms are generated. 

We have noted a moderate sensitivity of a^ USY to the value of the initial scales for 
the running of the soft terms. We found that the smaller the scale is the larger a^ USY 
becomes. In particular, by taking Mj rs 10 10-12 GeV rather than Mqut ~ 10 16 GeV, 
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which is a more sensible choice e.g. in the context of some superstring models, we find 
that a^ USY increases at most of 30% in the large tan/? region (tan/3 = 30), while it is 
less than 10% for tan (3 < 10. 

We applied the new BNL results to set upper bounds on the relevant SUSY spec- 
trum, by requiring that a^ USY lies within the 2a BNL deviation. The main relevant 
result of BNL constraints is that the regions with tan (3 < 5 are excluded for any scale 
Mi m io 10 ~ 16 GeV. Besides, we have found upper bounds on the lightest neutralino, 
chargino, smuon, and sneutrino masses, namely of the order of 340, 640, 330, 560 GeV 
respectively, (for tan/5 = 30 and m = 150) at Mi = 10 16 GeV. These bounds are 
increased of O(60%) in the case of neutralino and are decreased of order O(10 — 20%) 
for the other ones, by decreasing the initial scale Mi from 10 16 GeV to 10 10 GeV. 

We have also analyzed the corresponding results for the case of gauge couplings 
unification at intermediate scale Mi = 10 11 GeV. In this case we have found that the 
values of a^ USY are higher, at most of 30%, with respect to the corresponding ones 
mentioned above, with the same initial scale but without gauge couplings unification. 

Then we have studied the possibility of having non-universal soft terms, which 
is a generic situation in supergravity and superstring models. For the usual scale 
Mqut ~ 10 16 GeV, we have obtained in the favored experimental range even for 
moderate tan/3 regions (tan/3 > 5). Obviously, from the previous result we can deduce 
that lowering the initial scale for the running of the non-universal soft terms, larges 
values for a^, USY will be obtained. 

Finally, we have given an explicit example where the two situations discussed above 
occur. This is the case of a D-brane model, where the string scale is naturally of order 
iQio-i2 GeV and the soft terms are non universal. We have obtained that a M is enhanced 
with low tan /3. 

Note added 

As this manuscript was prepared, ref. |^TJ appeared. The authors discuss also the 



variation of with the initial scale, however, their analysis concentrates on the dilaton 
limit. 
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